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DIFFUSION COEFFICIENTS OVER ROUGH
AND SMOOTH BOUNDARIES, OBTAINED BY MEASURING
THE CONCENTRATION-VELOCITY COVARIANCE
R. S. McQulvey and T .  N. Kee fe r *
U. S. G e o l o g i c a l  Survey 
Fort C o l l i n s ,  Co lorado
ABSTRACT
A p r e l im in a r y  i n v e s t i g a t i o n  o f  the c o e f f i c i e n t s  o f  tu rbu len t  d i f f u ­
s ion  in  an open channel was conducted  by employ ing : 1) h o t - f i l m  anemometry 
to  d e t e c t  the v e l o c i t y  f lu c tu a t i o n ,  2) a p l a t i n i z e d  s i n g l e - e l e c t r o d e  
c o n d u c t i v i t y  probe to  d e tec t  the c o n c e n t r a t i o n  f l u c t u a t i o n s ,  and 3) a 
d i g i t a l  computing system to e v a lu a t e  the cova r ian ce  and o th e r  s t a t i s t i c a l  
p r o p e r t i e s  o f  the two output s i g n a l s .
Data were c o l l e c t e d  downstream o f  a c o n s ta n t -d is ch a r g e  po in t  source 
o f  neu tra l  1v-bouyant  s a l t  s o lu t io n  a t stream temperature and v e l o c i t y .
Using current  s em i-em p ir ica l  methods d i f f u s i o n  c o e f f i c i e n t s  were obta in ed  
in  the v e r t i c a l  and l a t e r a l  d i r e c t i o n s  as w e l l  as d i s p e r s i o n  c o e f f i c i e n t s  
due to  c on ve c t ion .
Us ing the c o n c e n t r a t i o n - v e l o c i t y  cova r iance  da ta  the l o n g i tu d in a l  
d i f f u s i o n  c o e f f i c i e n t  could  be e va lu a t ed  d i r e c t l y  from bas ic  p r i n c i p l e s .
The necessary  equ a t ion  i s  d e r i v ed  from the c on se rva t ion  o f  mass and is  
r e f e r r e d  to as th e  Eu le r ian  d i f f u s i o n  equa t ion ,
' ' c  . -  b e  >  — j — _— + u —  = —  c%r . (i)
At 1 'X x 1
i i
A c o e f f i c i e n t  o f  tu rbu lent d i f f u s i o n  may then be d e f in ed  as
■T —  • ( 2 )
1 J 'X .
J
N> s im p l i f y in g  assumptions have been made in  these  equa t ions  and i t  is  
thus f e l t  to be a true  r e p r e s e n t a t i o n  o f  the d i f f u s i o n  p rocess .
D i f fu s i o n  c o e f f i c i e n t s  ob ta in ed  by the  d i r e c t  method are  compared 
w i th  those obta in ed  by the s em i- em p i r i c a l  methods. The comparison makes 
p o s s i b l e  the e v a lu a t i o n  o f  the v a l i d i t y  o f  the assumptions made in o b t a in ­
in g  d i f f u s i o n  c o e f f i c i e n t s  by e a r l i e r  methods.
The r e s u l t s  a l s o  Inc lude I n t e n s i t i e s ,  a u t o c o r r e l a t i o n s  and power 
s p e c t r a  f o r  the v e l o c i t y  and c o n c e n t r a t io n  s i g n a l s  at v a r io u s  s e l e c t e d  
p o in t s  in  the f l o w .
An e v a lu a t i o n  and d e s c r i p t i o n  o f  the equipment a long w i th  data  
r e d u c t io n  procedures are d is cussed  in  d e t a i l .
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SYMBOLS
c time a ve rage  c o n c e n t r a t io n
c f lu c tu a t in g  co n cen t r a t io n
t t ime
u f l u c t u a t i n g  v e l o c i t y  in  x  - d i r e c t i o n
i  i
U time average  v e l o c i t y
x^ ,X j  space c oo rd in a t e s
£ c o e f f i c i e n t  o f  tu rbu len t  d i f f u s i o n
Tl j
c ' u '  c o va r ian ce  o f  co n cen t r a t io n  and v e l o c i t y
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